Background and objectives Despite the many studies showing an association between CKD and a high risk of ischemic events and mortality, the association of CKD with peripheral arterial disease (PAD) still has not been well described.
Introduction
Lower-extremity peripheral artery disease (PAD) is associated with a fatal outcome (1, 2) . CKD also predicts mortality, is related to substantially higher rates of vascular ischemic events (3) , and seems to be associated with severe PAD requiring revascularization and higher amputation rates (2) . Moreover, it is presents one of the fastest-growing global health and socioeconomic burdens (4) (5) (6) .
Despite the many studies showing the association of CKD with a high risk of ischemic events and mortality, the association of CKD with PAD is not well described. In particular, to our knowledge no studies have sufficiently evaluated the clinical importance of the earlier stages of both diseases according to morbidity and outcome of patients with PAD. Therefore, physicians still lack robust data and guidelines on how to treat vascular diseases in patients with CKD. Evaluations of large-scale data on morbidity, treatment, complications, outcome, and costs in patients with PAD who also have CKD are essential for discussion of this topic.
The aim of this study was to evaluate the association of different stages of CKD with morbidity, inhospital treatment and complications, mortality, and longterm outcome and costs in patients with PAD. reimbursement in Germany. All hospitals are obligated to transfer all data on diagnoses, comorbidities, and complications to health insurance companies in the form of detailed and mandatory coding guidelines according to the International Classification of Diseases (ICD). As is done for the ICD, all diagnostic and therapeutic procedures have to be coded according to the German procedure classification (Operations Procedure Codes [OPS] ). If this is not done, payment for a hospital treatment is not reimbursed.
The G-DRG system requires one code for the main diagnosis, which must be carefully chosen after discharge of the in-hospital patient. An unlimited number of additional codes representing secondary diagnoses can also be used to reflect the presence or occurrence of comorbidities and complications during the hospital stay. These additional codes can increase the patients' complexity level and therefore affect reimbursement.
DRGs are built via the Grouper software program, which is certified by the Institut für das Entgeltsystem im Krankenhaus in line with the diagnosis and procedure catalogs (German Modification of the ICD, 10th Revision [ICD-10-GM], and OPS). The inclusion and exclusion criteria of the individual ICD and OPS codes must be in line with the German coding rules Deutsche Kodierrichtlinie of the Institut für das Entgeltsystem im Krankenhaus. All of these codes are checked by the software; moreover, about 20% are controlled and, if needed, corrected by specialized physicians (Medizinischer Dienst der Krankenversicherung) independently of health insurance companies and hospitals.
All inhabitants of Germany must have private or public health insurance by law.
Study Population, Data Sources, and Inclusion Criteria
We evaluated anonymized data of a large public health insurance company in Germany (BARMER GEK) as described elsewhere in detail (7) . With around 8.7 million insured patients, it represents about 10% of the entire German population. Our cohort contains all patients with an index hospitalization between January 1, 2009, and December 31, 2011, who had lower-limb PAD (ICD-10 code, I70.2*) as a main diagnosis or codiagnosis.
Diagnoses, Operations Procedure Codes, and Reimbursement
All main or additional diagnoses were coded according to the ICD-10-GM. Annual adaptations of the ICD-10-GM did not affect any of the analyzed diagnoses in this study.
PAD 5-383*, 5-386*, 5-388*, 5-393*, 5-395*), and amputations (5-864.*, 5-865.*) were evaluated. Amputations of the upper extremities or amputations due to reasons other than limb ischemia were not included. All in-hospital costs are presented in this study. Costs resulting from outpatient care are not included in this analysis.
Follow-Up Data
All inpatient and outpatient cardiovascular diagnoses and procedure codes were recorded during the index hospitalization and for at least 24 months after discharge until December 31, 2012.
Statistical Analyses
Frequencies of the distinct ICD codes and OPS codes are given as absolute numbers (n) and percentages of the total numbers for each CKD subgroup. Statistical comparisons for these categorical variables were made by the chi-squared test. Continuous variables are presented as means6SDs and were compared by the ANOVA F-test. P values ,0.05 were considered to represent statistically significant differences. Relative risks for death and amputation during followup, as well as the predictive value of baseline parameters concerning long-term outcomes, were analyzed in separate multivariable Cox regression model analyses using SPSS 22.0 (covariates: age, sex, hypertension, obesity, dyslipidemia, smoking, diabetes, PAD, coronary artery disease, chronic heart failure, and malignancies).
Results
The cohort contains 41,882 patients with PAD who met the inclusion criteria mentioned in the Materials and Methods section. Of these, 8470 (20.2%) also had CKD. Most patients had PAD in Rutherford categories 1-3 (n=20,491 [49.0%]), followed by category 6 (n=8964 [21.4%]). Of those with CKD, 26% (n=2158) had normal or mildly reduced renal function (CKD stage 2), 47% (n=3941) had moderate renal insufficiency (CKD stage 3), 11% (n=935) had severe renal insufficiency (CKD stage 4), and 17% (n=1436) had ESRD (CKD stage 5). The ratio of women to men was 1:1.2. Baseline characteristics and comorbidities of all patients in relation to CKD stages are presented in Table 1 .
Compared with patients without known CKD, patients with CKD were older; more often had hypertension, diabetes, obesity, coronary artery disease, and chronic heart failure; and showed more severe PAD (Table 1) . Fewer patients with classic cardiovascular risk factors, such as hypertension, obesity, dyslipidemia, and smoking, and more patients with diabetes, coronary artery disease, and chronic heart failure were associated with higher CKD stages (P,0.001). Patients in the most severe stage of CKD had the highest prevalence of severe PAD (tissue ulceration and gangrene [Rutherford stages 5 and 6]).
In-Hospital Treatment, In-Hospital Complications
Patients with PAD and CKD received significantly fewer revascularizations procedures (surgical bypasses, thromboendarterectomy, and endovascular procedures) than patients with PAD who did not have CKD. Moreover, the frequency of revascularization procedures was inversely related to the CKD stage (i.e., patients with higher CKD stage and more severe PAD stage received fewer revascularization procedures than those with lower CKD stages and lower Rutherford categories). A total of 1353 (16.0%) patients with CKD had amputation during their index hospitalization. Thus, the amputation frequency was nearly two-fold higher in patients with known CKD than in those without and was associated with higher CKD stage. Details of in-hospital treatment during the index hospitalization are shown in Table 2 .
The leading complication was infectious disease (5749 patients [13.7%]), followed by acute renal failure (511 patients [1.2%]). Patients with known CKD had clearly higher frequencies of all observed in-hospital complications ( Table 2 ). Figure 1 . | CKD and survival and amputation. During follow-up, CKD was a high significant independent predictor of long-term mortality and amputation (P,0.001). Cox regression analysis adjusted for additional comorbidities and baseline parameters is presented for death (A) and amputation (B). Highly significant differences were observed among the CKD stages (P,0.001).
A total of 4401 patients (10.5%) had amputation during their index hospitalization. The frequency of amputations in patients with PAD and CKD (16.0%) was 1.8-fold higher than in patients with PAD who did not have known CKD (9.1%; P,0.001).
The frequency of myocardial infarction was 2.5-fold higher and that of stroke .1.5-fold higher in patients with known CKD.
Short-and Long-Term Outcome
The overall mortality during the index hospitalization in the entire cohort was 2.9% (1217 deaths). Patients with CKD had a nearly three-fold higher in-hospital mortality rate (6.0%) than those without known CKD (2.1%; P,0.001). Mortality was associated with higher CKD stage. A big step was observed between CKD stages 3 (4.4%) and 4 (10.3%), with more than a two-fold higher in-hospital mortality rate.
Mortality and amputation risks were also analyzed during a follow-up period of up to 4 years (median, 775 days; 25th-75th percentiles, 469-1120 days). In the staged Cox regression analysis adjusted for comorbidities and baseline parameters ( Figure 1, Table 3 ), CKD was a significant predictor of long-term mortality and, in the case of CKD stage 5, of amputation. The adjusted hazard ratios for long-term mortality were associated with higher CKD stages, to a maximum of 2.59 (95% confidence interval, 2.21 to 2.78; P,0.001) in CKD stage 5. Mortality rates after 4 years were 27% in patients without known CKD and 46%, 52%, 72%, and 78% in patients with CKD stages 2, 3, 4, and 5, respectively. The projected amputations showed also a highly significant association in CKD stage 5: hazard ratio, 1.43 (95% confidence interval, 1.31 to 1.55; P,0.001). The proportions with amputations after 4 years were 18% in patients without known CKD and 27%, 28%, 40%, and 56% in patients with CKD stages 2, 3, 4, and 5, respectively.
Length of Hospital Stay and Reimbursement Costs
The median length of in-hospital stay for the PAD subgroup without known CKD was 7 days (25th-75th percentiles, 2-13 days). The length of stay among patients with CKD was on average nearly 1.4-fold higher (15.4 days; P,0.001) ( Table 2) .
Median costs for the hospitalization of a patient with PAD without known CKD were €4065 (25th-75th percentiles, €2174-€6442). Median costs for a hospitalization with CKD were on average 40% higher (€534; P,0.001) ( Table 2 ).
Discussion
The results of this study highlight several important aspects of the comorbidity of PAD and CKD. First, coexistence of CKD is associated with more severe PAD: Patients with CKD had a nearly 2-fold higher prevalence of ischemic ulcerations or gangrene (Rutherford stages 5 and 6) compared with those without known CKD. In line with our findings, several case series and one meta-analysis demonstrated that CKD coincides with severe PAD (2, (8) (9) (10) (11) . However, those studies evaluated only a subset of patients with CKD (those with established kidney failure). The data presented here extend those findings by quantifying the detrimental association of the entire spectrum of CKD with the outcome regarding amputation and mortality on the different stages of PAD. Second, despite the evidence-based preventive effect of revascularization on limb amputation in patients with critical limb ischemia, it is surprising that in particular patients with Rutherford category 5 and 6 PAD had lower rates of revascularization than asymptomatic patients and those with claudication. This finding related not only to surgical but also to endovascular procedures. This lack of adherence to therapeutic measures recommended by the specific guidelines was recently demonstrated by Reinecke et al. (7) . In a meta-analysis, Garimella et al. (2) also reported that CKD is associated not only with severe PAD but also with higher rates of limb amputation. Thus, this observation gives rise to questions about the status quo and standards for revascularization indications in patients with PAD and CKD; this procedure is obviously still underused.
Third, CKD in patients with PAD predicted higher rates of in-hospital complications, such as ischemic myocardial and cerebrovascular events as well as infections and sepsis. Our data demonstrate a two-fold higher risk for an infection, septic course, or acute renal failure when patients with PAD also have CKD.
Previous studies have shown that CKD and PAD independently predict cardiovascular ischemic events (3, 12) . Our data additionally demonstrate substantially higher rates of myocardial infarction (2.5-fold higher) and ischemic stroke (1.6-fold higher) in patients with both diseases than in those who have PAD without CKD. The ischemic event rates were associated with higher CKD stages. Similar data are available only from cohorts consisting of patients with ESRD. The influence of PAD was considered. These data demonstrate a nearly six-fold higher rate of ischemic stroke in this cohort compared with those without CKD (12, 13) .
The most striking finding of this study is the outcome regarding limb amputation and mortality: Coexistence of PAD and CKD is associated with distinctly higher rates of limb amputation as well as higher rates of in-hospital and long-term mortality. CKD was a significant predictor of longterm mortality and amputation in patients with PAD. Liew et al. (14) described an overall 1.5-fold higher 6-year mortality rate in patients with both CKD and PAD than in patients with either disease alone. Pasqualini et al. (15) ascertained a 2.2-fold higher 4-year mortality rate in patients with both CKD and PAD than in patients without CKD. Our data indicate markedly higher mortality rates in patients with PAD and CKD compared with data reported by Liew et al. (14) and Pasqualini et al. (15) . In our cohort, CKD was associated with a nearly three-fold higher in-hospital mortality rate and long-term mortality rate in patients with PAD.
We also found an association of in-hospital mortality and higher CKD stage, with an over two-fold higher mortality in CKD stage 4 compared with CKD stage 3. Comparative data are still lacking. The frequency of amputation in PAD patients with CKD was 1.8-fold higher than in patients with PAD without known CKD. This is in line with the findings of Garimella et al. (2) and O'Hare et al. (16) , who described this finding exclusively in patients with established kidney failure.
Finally, the lengths of hospital stay and reimbursement costs were nearly 1.4-fold higher in patients with PAD and CKD than in patients with PAD who did not have CKD. Meyer et al. (4) and Laliberté et al. (17) showed that CKD leads to markedly higher in-hospital costs in treatment of patients with established cardiovascular disease. Our data underline these findings and demonstrate explicitly that CKD is associated with significantly higher cost of treatment in patients with PAD.
In summary, our data demonstrate the additive detrimental association of CKD with morbidity, complications, long-term outcome, and costs of patients with PAD.
Several limitations of our study should be mentioned. Diagnosis and procedure-based reports depend fundamentally on coding behavior. Therefore, we just analyzed end points such as amputation, myocardial infarction, ischemic stroke, and death, which have a low likelihood of being miscoded. Likewise, factors enhancing the reimbursement costs (CKD, diabetes, chronic heart failure, PAD, malignancies, acute renal failure, in-hospital infections, and sepsis) are unlikely to be omitted because complete coding is obligatory for correct reimbursement and therefore very important for the hospitals. Thus, completeness of these codiagnoses and procedures could be expected to be high. In contrast, characteristics with no effect on reimbursement costs (hypertension, obesity, dyslipidemia, and smoking) are more prone to miscoding and therefore might be underestimated in this analysis.
The precise coding rules for ICD-10-GM and OPS have been used for .10 years in Germany. They were not changed with regard to the subject of this study. Because only hospitalized patients were analyzed, the epidemiologic characteristics of the ambulatory PAD population and its economic impact were not studied. Moreover, they present only a selection of patients with conceivably more severe disease. Finally, this study is purely observational.
